Background: It is unclear whether physical activity (PA) could predict all-cause mortality independently of cardiorespiratory fitness, and there are relatively few studies evaluating the combined effect of PA and cardiorespiratory fitness on mortality. Methods: We invited 1,242 Chinese older adults aged 69-94 years from the MrOs and MsOs cohort (Hong Kong) study for a 7-year followup. PA was measured by the Physical Activity Scale of the Elderly (PASE). Cardiorespiratory fitness, expressed as maximal oxygen uptake (VO 2max ), was assessed by performing symptom-limited maximal exercise testing on an electrically braked bicycle ergometer and 6-m walk test. We aimed to examine the independent and combined effect of PA and VO 2max with all-cause mortality by cox proportional hazards models. Results: Ninety-nine deaths occurred over a mean follow-up of 5.3 ± 0.8 years. PA was inversely associated with all-cause mortality in unadjusted and fully-adjusted models, and the association was still significant after further adjusted for VO 2max . In stratified analysis, PA was significantly related to all-cause mortality within both unfit and fit strata. As compared with those being active and fit, physically inactive and cardiorespiratory unfit individuals had the highest all-cause mortality risk. Physically active but unfit individuals and inactive but fit individuals had similar all-cause mortality risk. Conclusions: Among older adults, PA was an important predictor of all-cause mortality independently of VO 2max . High cardiorespiratory fitness does not necessarily confer low mortality risk in physically inactive older adults.
Physical activity (PA), which is defined as any body movement that increases energy expenditure, is an important behavioral factor determining health (1) . On the other hand, cardiorespiratory fitness refers to the ability of the cardiorespiratory system to transport oxygen to the tissues during a prolonged PA, and it is typically expressed as maximal oxygen consumption (VO 2max ) during an incremental testing (2) . The protective effect of both greater PA and VO 2max on all-cause mortality is well-documented regardless of age, sex, smoking, body mass index (BMI), and other clinical factors in many studies, respectively (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) .
There is considerable controversy regarding whether PA or VO 2max yield greater health benefit on mortality independently of each other. Several studies suggested that VO 2max was a stronger predictor of mortality than PA (13, 14) . However, the population sample of these studies was mainly younger adults, and these results may not be generalized in the older population.
Cardiorespiratory fitness is generally regarded as an objective and reproducible measure of recent habitual PA (15) . Nevertheless, though decrease in PA also contributes to decline of VO 2max during the ageing process (16, 17) , the contribution of PA in the decline of VO 2max was found to be relatively minor, especially when individuals enter their sixth and seventh decades of life (17) (18) (19) . Furthermore, there may be important individual difference in the response to PA, such as age, sex, and genotypes (20) (21) (22) . Therefore, it is possible that people with higher VO 2max may not live a longer and healthier life due to lack of PA, while people with poor VO 2max may benefit from being active. Unfortunately, data considering the combined effect of PA and VO 2max on survival are sparse for older people, and current available reference on this issue are mainly derived from studies confined to Caucasian and other ethnic population (23, 24) , who may differ significantly from Chinese in terms of lifestyle, diet, and body physiology.
In this study, we attempted to bridge these gaps by examining the independent and combined effect of PA and VO 2max on all-cause mortality using data from the MrOs and MsOs cohort (Hong Kong) of elderly Chinese people.
Methods

Participants and Procedures
Subjects were recruited from the MrOs and MsOs cohort (Hong Kong) study, the first large-scale prospective study on bone health that consisted of 4,000 Chinese men and women aged 65 years and older in Hong Kong since 2001. Stratified sampling was adopted in the study in order to achieve approximately 33% of subjects in each of the three age groups: 65-69, 70-74, and ≥75 years.
Between 2008 and 2010, the cohort was invited for a 7-year follow-up repeat interview for information on demographics, medical history, PA, and examination for physical performance. They also took part in a VO 2max assessment which was not included in the previous examinations. The inclusion criteria for the VO 2max assessment were based on: (i) ambulant without assistance from another person; (ii) self-report of no leg pain, no pacemaker implanted, or were not taking blood thinning medications; and (iii) no evidence of abnormal resting or exercise electrocardiogram. Of those who returned, 1,242 participated in the VO 2max assessment. Nonparticipation in fitness test was due to either an inability to perform the task or refusal to perform it. Written informed consent was obtained from each subject and the study was approved by the Clinical Research Ethics Committees of the Chinese University of Hong Kong.
PA
PA was assessed by the validated Physical Activity Scale for the Elderly (PASE) Questionnaire (25) . It is a 12-item scale that measures the average number of hours per day spent in leisure, household and occupational physical activities over the previous 7-day period. Activity weights for each item were determined based on the amount of energy expended, and each item score was calculated by multiplying the activity weight by its daily frequency. A summary score of all the items reflected the daily PA level. This was adapted in Hong Kong Chinese by adding activity items which were popular in the local culture.
Cardiorespiratory Fitness
VO 2max was assessed with a symptom-limited maximal exercise test on an electrically braked bicycle ergometer (Ergoline 900, Ergoline GmbH, Lindenstrasse, Bitz, Germany). Subjects were instructed to abstain from any strenuous exercise on the day before testing. Each subject was connected to a calibrated respiratory gas analyzer (Fitmate, COSMED Srl, Italy) for gas analysis using a face mask. The respiratory gas analyzer was calibrated before each test. Heart rate and blood pressure was monitored throughout the exercise test. The test started with a 3-minute warm up at a workload of 20 W and continued with 10 W increments every minute, until the subject was exhausted or was not able to maintain the required pedaling frequency of 50 rpm. Subjects were verbally encouraged to reach their maximum. The test was terminated by attaining two out of the three criteria: (i) the subject reached peak VO 2 (26, 27) ; (ii) 85% age predicted maximum heart rate (220 -age [years]) was attained; and (iii) the subject showed any symptoms that indicated termination of exercise based on the guidelines of the American College of Sports Medicine (28) .
The distance walked in the 6-minute walk test (6MWD) is a surrogate measure of fitness level and disability. The 6MWD was performed on a level hallway (flat hard) surface with a length of 18 m according to a standardized protocol (29) . Subjects were instructed to walk at their own pace but to cover as much ground as possible in 6 minutes and were allowed to set the pace of ambulation with rest stops as needed. Standardized verbal encouragement was offered at 2 and 4 minutes. The total distance ambulated in meters during the 6MWD was recorded.
Other Covariates
A standardized, structured questionnaire interview was conducted to gather information on demographics and medical history. Medical diagnoses were based on the subjects' report of their physician's diagnoses. Grip strength was measured using a dynamometer (JAMAR hand dynamometer 5030 J1; Sammons Preston, Bolingbrook, IL). Two readings were taken from each side, and the average value of the right and left was used for analysis. The time to walk 6 m at normal pace was measured.
Mortality Surveillance
After a mean follow-up period of 5. 
Statistical Analysis
Student's t test or one-way analysis of variance (ANOVA) for continuous variables and chi-square test for categorical variables were used to examine the difference between survivors and decedents. VO 2max will be mainly used in analyses because it is a widely accepted "gold standard" measure of cardiorespiratory fitness for older adults, and VO 2max was significantly correlated with 6MWD (r = 0.57, p < .001) in this study. Pearson correlation was calculated to determine the relationship between PA and VO 2max . Cox proportional hazards regression models were used to examine the association of PA and VO 2max with all-cause mortality. The HRs and 95% confidence intervals were reported. Three separate cox models were constructed: Model 1 was unadjusted; Model 2 adjusted for age, sex, BMI and medical history of stroke, hypertension, diabetes, angina, heart attack, and heart failure; Model 3 additionally adjusted for PASE score or VO 2max as continuous variables. Tests of linear trends in mortality rates and risk estimates across exposure categories were computed using ordinal scoring for PASE score and VO 2max . Then, PA was classified into two categories: "inactive" and "active," with "inactive" corresponding to the lowest quartile of PASE scores and "active" including the higher quartiles. By same approach, VO 2max was also classified into two categories: "unfit" and "fit." The cox regression analyses were stratified by VO 2max categories and PA categories. In the combined analyses, a new variable, which is the combination of PA and VO 2max , is categorized as followed: "inactive unfit," "inactive fit," "active unfit," and "active fit." This was created to assess the combined effect of both PA and VO 2max on all-cause mortality. All analyses were conducted using the statistical package SPSS version 23.0 (SPSS Inc., Chicago, IL). All tests were two-sided and p values less than .05 were considered statistically significant.
Results
At the time of PA and VO 2max assessment, the mean age of the participants is 76.6 ± 4.3 years old. A total of 99 deaths occurred during the average follow-up of 5.3 ± 0.8 years. The correlation between PA and VO 2max was significant (r = 0.271, p < .001). Among those who participated in the VO 2max assessment at 7 years, decedents were older, more often male, with lower BMI, less active, less cardiorespiratory fit, walked longer distance in 6 minutes, had higher grip strength and walk faster compared to survivors (Table 1 ). There was no significant difference in medical history between survivors and decedents. Table 2 shows the association of PA and the risk of all-cause mortality. Compared to the reference group (highest quartile of PASE score), being least active was significantly related to the risk of all-cause mortality (HR 3.49 [1.92, 6.37] with all-cause mortality was both statistically significant when using continuous scores of PASE and VO 2max in Model 3. Table 3 presents the results of stratified analysis. PA was significantly associated with all-cause mortality within both unfit strata and fit strata. On the other hand, VO 2max was inversely associated with all-cause mortality within inactive strata in the unadjusted model. The combined effect on all-cause mortality in unadjusted and fully-adjusted models is shown in Table 4 . As compared with those physically active and cardiorespiratory fit, physically inactive and unfit people had the highest risk of all-cause mortality. Both physically inactive but fit participants and active but unfit participants had higher all-cause mortality risk (HR 2.13 [1.24, 3 .66] and HR 1. 89 [1.03, 3.46]) ; However, the all-cause mortality did not differ between those "inactive fit" and "active unfit" people (p > .05).
We repeated the main analyses using the distance walked in 6-minute walking test, and the results did not change ( Supplementary  Tables 1-3) .
In terms of physical performance (Table 5) , "Active fit" people walked the longest distance in 6 minutes, had the highest grip strength and had the fastest walking speed, followed by "inactive fit" people, "active unfit" people, and "inactive unfit" people.
Discussion
From the sample of older people from the MrOs and MsOs cohort (Hong Kong), we showed that PA was a significant predictor of allcause mortality independently of VO 2max. Among fit or unfit people, being physically inactive was associated with higher all-cause mortality. Physically inactive but fit individuals had a high mortality risk similar to that of physically active but unfit individuals.
In this study, we demonstrated that both PA and VO 2max were, respectively, inversely associated with the risk of all-cause mortality among Chinese older people independently. Our finding on the independent role of VO 2max on all-cause mortality is in consistent with the previous findings from other studies in western population (13, 14, 30) and Korean men (24) . However, no significant evidences of the independent effect of PA on all-cause mortality were shown in their studies. The different results may be attributed to the use of different measurement. Most of these studies solely measured leisure PA by self-reported questionnaires without considering PA domains such as household or occupational activity, which are actually popular among older adults. In our study, we used the PASE questionnaire, containing comprehensive domains of activities (25) . Furthermore, cycle ergometer was used to measure VO 2max in our study whereas treadmill was used in other studies. Pollock et al. (31) compared different maximal graded test protocols and stated that the VO 2max assessed by cycle ergometer is about 5% lower than by a Balke treadmill and 10% lower than by the Bruce protocol. A cycle ergometer is preferable for testing in elderly population because it is suggested to be safer than the treadmill (32). It has always been controversial that the extent to which the protective effects of PA on health are mediated through individual's VO 2max . In fact, the association between PA and VO 2max is modest reported in different studies, with a correlation of 0.1-0.2 by selfreported PA (13, 33, 34) and 0.37 by doubly labeled water (35) . The correlation in our study was 0.271 (p < .001), which is also modest. Moreover, PA may not play such a prominent role in the decline in VO 2max by their 70s (19) . Fleg and Lakatta (36) demonstrated that the age-associated decline in VO 2max was explained by the loss of muscle mass observed with ageing in both untrained men and women, and the loss of muscle mass thereby reduce the amount of lean tissue available to extract oxygen during maximal exercise. Our study population was a group of older Chinese people aged from 69 to 94 years, and the contribution of PA on VO 2max might be minor among this sample. In our results, the association of PA with mortality was attenuated a little after additional adjustment for VO 2max . The minor reduction in mortality risk could be explained by the beneficial health effects of VO 2max , but the remaining significance of the risk estimate supported the possibility that PA and VO 2max was independently related to all-cause mortality.
In the stratified analysis of this study, we found further supportive evidence for the independent effect of PA and VO 2max on all-cause mortality. The reverse association between PA and all-cause mortality was significant within both strata of low VO 2max and high VO 2max . This is in line with previous findings by Myers et al.'s study that being relatively inactive was associated with higher mortality risk regardless of fitness level (13) . It highlighted the health benefit of PA among older adults.
Few studies have examined PA and VO 2max simultaneously and had a confirmative conclusion about the combined effect of PA and VO 2max . In this study, both "active unfit" people and "inactive fit" people had significantly increased risk of all-cause mortality than "active fit" people. Even though being cardiorespiratory fit, lacking PA could lead to poor health impact. Our findings about "inactive fit" people is in agreement with what have been reported in Lee's study (14) . However, they reported that people who met Note: CI = Confidence interval; HR = Hazard ratio; PASE = Physical Activity Scale for the Elderly; VO 2max = Maximal oxygen uptake. Model 1: Unadjusted. Model 2: Adjusted for adjusted for age, sex, BMI and medical history of stroke, hypertension, diabetes, angina, heart attack, and heart failure. the recommendation PA and were unfit did not have significantly lower mortality risk than people who did not met the PA recommended level and were unfit. Possible explanation for the insignificance in their study was the small number of deaths in unfit men and unfit women respectively. Furthermore, "inactive fit" people performed better in the functioning tests than "active unfit" people in our study; However, "inactive fit" people had similar all-cause mortality risk to "active unfit" people. It additionally suggested that doing PA was beneficial to the longevity of life, even though your physical fitness and functioning performance was good.
There are several limitations in this study. First, the number of deaths was modest; therefore, the difference between hazard ratio of "active unfit" and that of "inactive fit" may not have achieved statistically significance. There is a possibility of selection bias because subjects participated in the VO 2max assessment were relatively healthier. These people may have a cluster of favorable higher PA level and cardiorespiratory fitness, both of which could be attributed to genotypes (20, 22) . Though it was safe to use cycle ergometer for testing in older adults, our results may not be compared strictly with other studies because VO 2max would be typically lower than that measured on a treadmill. It may be another limitation that we just used BMI for adjustment since fat mass and lean body mass did not derived from "gold standard" measurement such as dual energy x-ray absorptiometry. However, when we tried to use appendicular lean mass measured two years prior to this study for adjustment, it did not change the results significantly. Moreover, objective measurement of PA is encouraged in the future study though the use of PA questionnaire in this study is validated in Hong Kong Chinese. In addition, our results cannot be generalized to ethnic Chinese elsewhere as our cohort is more educated than the general elderly people. The strengths of the study lie in the large sample size, the relatively long duration of follow-up, and the direct measurement of VO 2max . Furthermore, we provide information on both PA and VO 2max in the same older population.
In conclusion, the beneficial effects of PA on all-cause mortality in the older people were independent of cardiorespiratory fitness. High cardiorespiratory fitness does not necessarily confer low mortality risk in physically inactive older adults. Therefore, leading a physically active lifestyle is essential among the elderly adults.
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Supplementary data is available at The Journals of Gerontology, Series A: Biological Sciences and Medical Sciences online. Note: CI = Confidence interval; HR = Hazard ratio; PASE = Physical Activity Scale for the Elderly; VO 2max = Maximal oxygen uptake. Model 1: Unadjusted model. Model 2: Adjusted for adjusted for age, sex, BMI and medical history of stroke, hypertension, diabetes, angina, heart attack, and heart failure. *p Value > .05 for HR of "inactive fit" group comparing with "active unfit" group. 
